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0 Improvements in apparatus for forming watermarks in paper. 

@ A paper nr.achtne having an endless foranriinous 
p(pment for enaaaennent with a fibrous web during 
formation of the web into paper, said element having 
bonded thereto with flexible bonds, spaced flexible 
components each representing a surface configura- 
tion adapted to generate a watermark in said paper 
as a result of the engagement of said foraminous 
element with said web. 
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IMPROVEMENTS IN APPARATUS FOR FORMING WATERMARKS IN PAPER 



This invention relates to an improved apparatus 
for forming watermarks in paper. 

A paper web is conimonly manij factored by 
metering a dispersion of papermaking fibres onto a 
moving endless foraminoLis support, such as the 
"wire" at the wet end of a Fourdrinier paper ma- 
chine through which drainage is effected. A roll, 
known as a "dandy" roll, having its cylindrical 
surface formed from a finely woven open metal 
mesh, may be located towards the end of the 
Fourdnnier wire so as to rotate lightly m contact 
v;ith the web newly formed on the wire. This im- 
proves the compaction of the upper surface of the 
web. 

In those cases where it is designed to form a 
v^atermark. designs conforming to the watermark 
image required are secured to the mesh surface of 
the dandy roll so as to stand proud thereof. The 
v.'ob on the Foij''d'''niRr wire is subieciyd lO yi'eater 
rnmpaction by the watermark designs during rota- 
tion of the dandy roll, and as a result, redistribution 
of the fibres occurs, resulting m locai variaiionb in 
the grammage of the sheet. Consequent variations 
in the concentration of fibres gives rise to variations 
in the light transmission in the dried paper, result- 
ing in a visible watermark effect. 

The watermark designs are formed on the dan- 
dy roll by soldering or brazing metal wire to the 
mesh surface of the roll in the configuration of the 
desired watermark image. Such designs, which are 
comimionly known as "electrotype" designs have a 
Uniterm neignt above iriw Suppoiling mssh. Be- 
cause of this and the manner in whiuh iriey are 
formed, they produce linear watermarks having a 
uniform visual contrast with the remainder of the 
paper. This technique is also commonly used for 
the formation of straight line "laid" patterns which 
simulate those to be found in hand made paper. 

The use of a dandy roll imposes speed limita- 
tions on a Fourdrinier paper machine. First, the 
quality of the watermark formed deteriorates as the 
speed increases because of the reduced period 
during which the watermark designs are in contact 
with the web. Secondly, water inevitably picked up 
by the interstices of the metal mesh forming the 
surface of the dandy roll is thrown off as spray by 
centrifugal action as the rotaticna! speed of the roll 
increases in dependence upon the speed of the 
Fourdinier wire. This problem can be overcome to 
some degree by increasing the diameter of the 
dandy roll, but this substantially increases its cost, 
and there are in any event practical Irmitations on 
the size of dandy roll which can be accommodated. 
As a result, conventional watermarking technology 
has imposed a ceiling on the speeds at which 



watermarked papers can be produced. 

As a replacement for a dandy roll to carry 
watermark designs, United Kingdom Patent Spec- 
ficatton No. 1447933 proposes the use of a flexible 

5 fnraminous belt formed from a finely woven bronze 
wire mesh, typically cf the kind commonly used as 
covers for dandy roils. The belt has solid metal 
watermark designs fitted thereto by conventional 
techniques, for example soldering, brazing or weld- 

w ing and is mounted and tensioned around guide 
rolls for movement along a non-circular path bnng- 
ing It into surface contact with the paper web to 
which watermarks are to be applied. 

It has been found that dunng the movement of 

rs such a beit along its non-circular path, repetitive 
stresses are set up at the welded or brazed joints 
as the watermark designs pass around the guide 
rclls. Eventually the stresses cause fatigue frac- 
tures in the joints so that the designs detach par- 

20 tiaily or wholly from the belt, bven if maximum si^w 
limitations are imposed on liit? watermark dssigns 
or minimum diametric size limitatinns nn the auide 
rolls, the joint fatigue problem persists, even 
though in a less acute form. 

25 United Kingdom Specification No. 1447933 

also addresses the problem posed by the fragility 
of the fine woven metal mesh. Attention is drawn to 
the need to avoid overstressing the belt by running 
it over rolls which are too small. Furthermore, in 

ju order to prevent damage or distortion arising from 
the tensile forces which .must necesariiy be ap- 
plied. rAinfnrrlng meshes of metallic or plastics 
materia! are provided to flnnnnrt the fine metallic 
mesh. In general it is also welt recognized that. 

35 apart from their high cost, fine metal meshes are 
susceptible to damage and are also difficult and 
costly to repair when damaged. 

The invention therefore provides a paper- 
machine having an endless flexible foraminous ele- 

40 ment for engagement with a fibrous web during the 
formation of the web into paper, said element hav- 
ing bonded thereto with flexible bonds, spaced 
flexible components each representing a surface 
configuration adapted to generate a watermark in 

45 said paper as a result of the engagement of said 
foraminous element with said web. 

The foraminous element is preferably a woven 
mesh ana may be of a metal such as phosphor 
bronze, but is preferably of a plastics material such 

50 as a polyester. 

The flexible foraminous element may be the 
Fourdrinier wire of a paper machine, in which case 
the mark formed will be of a quality approaching 
that of a mould mark, or may in some cases be 
better in view of the long period during which the 
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■jveb wiil dram in contact with the wire. The orcvi- 
sicn of watermark forming components on the 
Fourdrinier wire is however only practicabie when 
long and repeated production runs of a particular 
watermarked paper are required. The high cost of 
producing a Fourdnmer wire carrying such compo- 
nents, together with the paper machine downtime 
involved ;n changing wires makes the use of such 
Wires uneccncmic for low voiume short oroduction 
runs. 

Alternatively, the endless flexible foraminous 
element may be provided in the form of a woven 
mesh belt, located above the Fourdrinier wire, in 
substitution for a dandy roll. The belt extends ar- 
ound a driving roil and one or more idler and 
tensioning rolls and is arranged to have a portion of 
the belt running in parallel with the Fourdrinier wire 
for engagement with a fibrous web supported oy 
the wire. A suction box m.ay be located above this 
portion of the belt so as to effect upwards drainage 
and produce an effect somewhat similar to that 
produced by a vacuum cylinder mould machine. 
By havinQ a long portion of the belt in contact with 
the web, as compared with the substantially tan- 
gential contact which occurs with a dandy roll, the 
time ui LUittaCi is extended so ^hat me pattern 
derived from the surface configuration of the flexi- 
ble components carrying the watermark image is 
impressed more firmly. 

Furthermore, by providing a second suction 
box above the belt at a position immediately after 
the belt has separated from the web, superfluous 
water picked up by the belt can be removed before 
the belt passes around a roll and the throw off of 
spray prevented. 

The invention wni nnw be further described 
wiiri itPierenca tc the accomperiyinn drawings in 
which:- 

Figure 1 is a semi-diagrammatic sectional 
side elevation of the downstream end of the wet 
end of a Fourdrinier paper machine, 

Figure 2 is a view on the arrow II of Figure 1 ; 

Figure 3 is a sectional elevation on the line 
Ill-Ill of Figure 2, 

Figure 4 is a semi-diagrammatic sectional 
side elevation of the downstream end of a Fourdri- 
nier paper machine incorporating one embodiment 
of the invention and. 

Figure 5 is a semt-diagrannmatic sectional 
side elevation of the downstream end of the wet 
end of the Fourdrinier paper machine incorporating 
a second embodinnent of the invention. 

Referring first to Figure 1, this shows a Fourdri- 
nier wire 1 extending around a couch roll 2 and 
suppc.^ing a fibrous web 3 which is lifted from the 
wire at 4 and passed to the conventional press and 
dryer sections of the paper machine in the usual 
manner at 5. A dandy roll 6 carrying electrotype 



watermarK designs 7 as hereinbefore descnced is 
mounted above the Fourdrinier wire 1 for rotation 
cooperatively therewith. During rotation of the dan- 
dy i-oi! 6 the watermark designs are brought mto 

5 contact with the web 3 on the wire so as tc apcly 
differential compaction to the fibrous structure of 
the web in dependence upon the configuration of 
the design. This results m redistributicn of the 
fibres and local vanations m the grammage which 

'0 are discernible by transmitted light as a watermark 
after the web 3 has been pressed and dried to 
form paper. 

The speed of the machine shown in Figure 1 is 
limited by the speed at which the dandy roll 6 can 

'5 be rotated without unacceptable deterioration in the 
quality of the watermark produced or the produc- 
tion of excessive throw off spray 8 which damages 
the paper surface. 

Refernng now to Figures 2 and 3, these show 

20 the way in which an "electrotype" watermark de- 
sign is applied to the cylindrical mesh surface of 
the dandy roil. From Figure 2, it will be seen that 
the design 10 is formed from a wirelike element 
which i3 soldered tc the cyiinnnrai mesh surfciue 

rs 11 of the dandy roll and presents a minimal ob- 
struction to the passage of water through the mesh. 
As best seen in Figure 3. the watermark debiyn IG 
stands proud of the mesh 11 so that the web 3 is 
subjected to greater compaction in the area of 

30 contact by the design than by the rest of the dandy 
roll. 

Figure 4 shows part of Fourdrinier paper ma- 
chine similar to that of Figure 1 and the same 
reference numerals are used for corresponding e!e- 

35 ments. In this case however the Fourdrinier wire 1 
has bonded thereto flexible watermark designs 12 
on which the web 3 ts iaid down and drainsd in 
part by a suction box 13. The nature of the libxiule 
watermark designs 12 and the means of bonding 

40 then to the wire is described in greater detail 
below. 

Because the web 3 is laid down as a disper- 
sion on the components 12, drainage of the web 
takes place through the components. In addition, 

45 the components remain in contact with the web for 
the full length of the wet end of the paper machine. 
As a result, highly defined watermarks are pro- 
duced which are comparable, for example, with the 
mould marks produced by a vacuum cylinder 

50 mould paper machine. 

Turning now to Rgure 5, this shows a Fourdri- 
nier paper machine similar to that of Figure 1 and 
the same reference numerals are used for cor- 
responding elements. In this case however an end- 

55 less finely woven polyester mesh belt 20 is located 
above the Fourdrinier wire 1 in substitution for the 
dandy roti 6. The belt 20 extends around a dnve 
roll 21, idler rolls 22, a tensioning roll 23 and under 



3 



5 



EP 0 367 520 A2 



5 



a vacuum box 24 and a hold down roll 25 The 
vacuum OCX 24 is provided with a rounded corner 
24a of nylon, high density polyethylene or a similar 
material constituting a low fncncn guice for the belt 
20. Between the vacuum- box 24 and t^e hold down 
roll 25. the belt 20 extends in parallel to the Four- 
driHier wire ' so that flexible watermark designs 26 
bonded to the belt 20 are maintained in contact 
with the web 3. The nature of the watermark de- 
signs 26 and the means of bonding them to the 
wire IS described m greater detail below. 

The drive roil 21 is located such that the belt 
20 separates from the web immediately after pass- 
ing the hold down roll 25. but at a relatively low 
angle of, say 10 to 15* so as to minimise the film 
split effect at the point of separation. A vacuum box 
27 is located above the belt 20 between the hold 
down roll 25 and the dnve roll 21 so as to remove 
residual water held in the interstices of the mesh 
forming the polyester belt and thus preclude the 
generation of irirow off spray as the bc!t passes 
around the drive roll 21. A suction box 28 is also 
provided beneath the Fourdrinier wire 1 at the point 
where tne oeii 20 sepcifciibb iiOiu the web 3C as tc 
ensure that the web 3 is held down on the Fourdri- 
nier wire at this point. 

The flexible components for generating the wa- 
termark f'nay be bonded to the Fourdrinier wire or 
woven mesh belt by a variety of techniques of 
which' examples are given below. 

Example i 



Direct Casting of Polyurethane Watermark Designs 



A photographic film positive and a mould of the 
required watermark design was first produced. This 
mould was in the form of an engraved brass plate. 
The mould was coated with release agent (Frekote 
44 supplied by Dexter Corporation), and liquid 
polyurethane injected into the mould (Adiprene L- 
100. a suitable low temperature cure polyurethane 
marketed by Uniroyal). The mould was then placed 
in an oven for one hour at 90 degrees Celsius to 
effect a partial cure of the polyurethane. 

A finely woven polyester mesh belt was pre- 
pared by coating with a photoresist emulsion 
(Dirasol 25 supplied by Sericof), and dnea in a dark 
heated cupboard. 

The photographic film positive was then posi- 
tioned on the emulsion, taped in place and the 
mesh exposed to an Ultra Violet light source. The 
emulsion covered by the film positive remained 
uncured and water soluble. The film positive was 
then positioned on the reverse side of the mesh 
(using registration marks) and the reverse side then 



exDosed to Ultra Violet light. 

Wtth rhe emuision :hus "deveJoped", the mesh 
was immersed m a water bath and both sides 
sprayed with low pressure water jets to remove the 
5 uncured soluble emulsion. When the image of the 
watermark cesign was clear, the mesh was re- 
moved from the water bath and left to dry. 

The mould containing partially cured polyure- 
thane was next removed from the oven and the 
w mesh laid over the mould, taking care to align the 
image in the photoresist with the polyurethane m 
the mould. The mesh was pressed firmly down 
onto the surface of the mould by the application of 
a uniformly distnbuted weight. The polyurethane, 
?5 still being liquid, flowed into the interstices of the 
mesh before setting. The mould and mesh were 
then placed in the oven at 90 degrees Celsius to 
complete the cure of the polyurethane. 

After 24 hours in the oven the polyurethane 
20 was found to be fully cured. The weight was re- 
moved, thfi mesh peeled off the mould carrying 
with it the polyurethane watermark aesigns. 

The mesri wdi Iheri IfTirTiersed in a photoresist 
emuision sofvent (Seristrip supplied by Sericol) and 
25 the photoresist washed out leaving the mesh belt 
with sharply defined flexible polyurethane marks. 

Example 2 

30 

Adhesion of Polyurethane Watermark Designs Us- 
ing Polyurethane 



35 Thp moRh belt was prepared as in Example 1 

for the direct cast polyurethane method, that is the 
mesh was coated with a photoresist and the areas 
in which watermark designs were required washed 
out after curing. 

40 Using the engraved brass plate moulds of Ex- 

ample 1, the watermark designs were cast from 
polyurethane and fully cured. The marks were then 
trimmed, and those containing voids or other ir- 
regularities rejected. Liquid polyurethane was then 

45 prepared and applied to the reverse of the water- 
mark designs which were then placed in position 
on the mesh and pressure applied by means of a 
weight. The mesh and waternnark design assembly 
was then put in the oven at 90 degrees Celsius for 

50 24 hours to cure the polyurethane. On removal 
from the oven, excess polyurethane was trimmed 
off. the wire immersed in photoresist solvent and 
washed, to leave sharply defined poiyurethane wa- 
termark designs firmly and flexibly adhered to the 

55 mesh belt. 



Example 3 
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Flexible Thermopiastic Elastomer Marks Attached 
By Achesive 



The adhesive used was Tynte 76i7, a singie- 
pack. moisture-cure Urethane adhesive marketea 
by Lord Industrial Adhesives. The thermociastic 
eiastcmer was Hytrei 5556-P. a polyester marketed 
by DuPont. Watermarks designs were cut from a 
sheet of the elastomer and also precast therefrom. 
The mesh belt was prepared m Example i . The 
watermark designs and the mesh belt were wiped 
with solvent (Isopropanoi), and then coated with the 
adhesive. 15 to 30 minutes at room temperature 
were allowed for the solvent to evaporate before 
placing the two adhesive surfaces together. They 
were then pressed firmly together and a heavy 
weight placed on the designs. Twelve hours at 
room temperature was required before handling 
strength developed. The adhesive developed a ful; 
strength cure in 5-10 days. After completion of the 
cure the photoresist was dissolved with a suitable 
solvent to leave sharply defined designs firmly and 
fiexibiv duf'ieied to the m.osh belt. 



txampie 4 



Ultrasonic Welding of Watermark Designs 

An Ultrasonic plastic welding apparatus sup- 
plied by Lucas Dawe Ltd. was used. This consists 
of five components, a generator, converter, booster, 
horn and actuator. The solid state generator con- 
verts the 50 Hz mains electnc power into nigh 
frequency electrical f=*nf;rgy at 20K Hz. which is 
supplied to the converter. T^^'? him converts the 
electrical energy into mechanical vibratory energy 
at the same frequency, and this is transmitted via 
the booster to the horn or work tool which is 
directly in contact with one of the tv^o work pieces 
to be welded together. The vibratory energy pro- 
duces localised frictional heating at the interface of 
the two parts and causes the thermoplastic to melt 
and flow throughout the joint area. On completion 
of the cycle the plastic solidifies on cooling and 
produces a high strength molecular bond. 

Strips of Hytrei 5556-P thermoplastic elastomer 
were welded to a polyester mesh belt using this 
method. The Hytrei then required trimming after 
welding to leave a sharply defined tow profile mark. 



Example 5 



Direct Casting Of Polyurethane Watermark Design 
Onto A Finely Woven Bronze Mesh Belt 



The procedure of Example i was repeated v/.t^ 
a bronze mesh belt and tne watermark ces gns 
were 'ound to have adhered satisfactorily. 



Example 6 



Ultrasonic Welding of Watermark Designs To A 
:c Bronze f^esh Belt 

The prccecure of Example 4 was repeated 
using a bronze mesh belt and the watermark de- 
signs were found to have adhered satisfactorily. 



Example 7 



20 Embroidered Watermark Designs 



Watermark designs and chain lines (for laid 
paper) were applied to a finely woven polyester 
rribc^li belt by embroidery, using connn Sattsfac- 
25 tcry designs ^orp nrndtjced. 

Example 8 

30 A m.eta! mould conforming to the shape of a 

required watermark design was siightiy overfiiiec 
(to allow for contraction) with polyester copolymer 
fibres supplied under the trade name GRILON 
K150 by EMS-GRILON of Domat^Ems, Switzerland. 

36 The mould was then covered with a release 

coated steel plate and the covered mould sub- 
jected, in a temperature controiied prwss. to pres 
sure of 500 Kilo Pascals for 5 minutes at ibO-C. 
After cooling, the cured copolymer was found 

40 to have taken the form of a solid but flexible 
watermark design which could be readily removed 
from the release coated steel plate. 

The mould, containing the cured design, was 
then inverted onto a finely woven polyester mesh 

45 belt of the kind used in Example 1. The release 
coated steel plate was then juxtaposed so as to 
trap the belt between the mould and the plate, the 
resulting assembly then being subjected to a pres- 
sure of 500 Kilo Pascals for 2 minutes 45 seconds 

50 at150°C. 

On cooling, and after removal of the mould and 
steel plate, the flexible watermiark design was 
found to have fused firmly to the mesh belt whilst 
remaining fully flexible. 

55 Flexible beit provided with wgtermiark designs 

as described with reference to Examples 1 to 8 
were all found to produce good quality watermarks 
on a paper web and, despite substantial running 



5 



9 



EP 0 367 520 A2 



10 



ti^r.es '.r a r.oo circular path 'jnde-' tension, no 
tendency fcr the designs to detach from the beits 
■vas no tec. 

Claims 

1. A paper nnachine having an endless fcramin- 
ous element for engagement with a fibrous web 
during formation of the web into paper, said ele- 
ment having bonded thereto with flexible bonds, 
spaced flexible components each representing a 
surface configuration adapted to generate a water- 
mark in said paper as a result of the engagement 
of said foraminous element with said web. 

2. A paper machine as claimed in claim 1 in 
which said foraminous element is a woven mesh of 
metai. 

3. A paper machine as claimed in claim 1 in 
which the said metai is phosphor bronze. 

4. A paper machine as claimed in claim 1 in 
which said foraminous element is a woven mesh of 
a syntnetic piastics matenat. 

J. A paper machine claimed in claim 4 'n 
which said materia! is a Dolvester. 

6. A paper machine as claimed m any one of 
the preceding claims in which said flexible foramin- 
ous element is the Fourdrinier wire of the paper 
machine. 

7. A paper machine as claimed in claims 1 - 5 
in which endless foraminous element is in the form 
of a woven mesh beit located above the Fourdrinier 
wire of the machine. 

8. A paper machine as claimed in claimi 7 in 
which said belt extends around a driving roil and 
one or more idler and tensioning rolls and is ar- 
ranged to have a portion thereof running in parallel 
with the Fourdrinier wire for engagement with a 
fibrous web supported by said wire, 

9. A paper machine as claimed in claim 8 in 
which a suction box is located above the said 
portion of said belt to effect upwards drainage. 

10. A paper machine as claimed in claim 9 
including a second suction box above said belt 
located immediately after said belt has separated 
from the web. 

11. A paper machine as claimed in claims 1 - 
10 in which said flexible components are made 
from an elastomeric material. 

12. A paper machine as claimed in claim 11 in 
which the elastomeric matena! is a thermoplastic 
elastomer. 

13. A paper machine as claimed in claim 12 in 
which the thermoplastic eiastomer is a st/rene 
block copolymer, a poiyolefin blend, a polyure- 
thane or a copolyester. 

14. A paper machine as claimed in claim 11 in 
which the elastomeric material is a liquid polyure- 



tnane elastomer. 

1 5 A paper machine as c:aimed m any one of 
\he oreceding claims in which saic flexible comoo- 
nents are bonded to said foraminous element by 
moulding under heat and pressure by adhesive or 
welding. 

16. A paper machine as ciaimed m cidim 1 anc 
in which the flexible components were mace ana 
attachea to the foraminous element by trie meth- 
ods set forth in any one of Examples 1 to 8. 
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